ABSTRACT -This paper describes the analytical and the experimental responses of the surges strike on the transmission line towers. A new method of calculating transmission tower surge response has been proposed.
INTRODUCTION
Tower surge impedance is one of the mosl important factors in analyzing lightning performances on transmission lines [I] . Jordon [2] had proposed the first theoretical formulation for tower surge impedance. The aim of this study is practically based on Neumann's induction formula, which states that the current distribution on the transmission tower was uniform from the bottom to the top of the tower. However the effect of return stroke current is not taken into consideration. The tower is approximated as a vertical cylinder having a height equal to that of the tower, and the radius equal to the mean equivalent radius of the tower. Propagation velocity inside of the tower is assumed to be of the speed of light.
Beside and Oknmura and Kijima [5] , whicb considered the effects of the vector potential generated by the injection current into the tower. Propagation velocity inside the tower was assumed to be of the speed of light.
Breuer et al [6] had canied out actual measurements of the surge impdance of actual transmission towers. In his work, a reflection method was adopted, and an impedance value of 165 ohms was obtained at the top of the tower. The measured propagation velocity inside the tower was almost at the speed of light. Kawai [7] reported another experimental value for actual transmission towers. He used a direct methd to measure tower surge impedance. The value for this impedance at the top of the tower was measured to be 100 ohms. His experimental results
showed that the tower response to a vertical injection current is different from the response to a horizontal current injection. Measured propagation velocity inside the tower was 70%-80% of the speed light.
Ishii el al [8] and Narita et a l [ 9 ] reported field measurements of full-scale tower impedance using direct method. These measurements were performed using the techniques of inclined and horizontal Current injections. Both of them proposed surge impedance of the tower M on the EMTF' . Propagation velocity inside the tower was assumed to be at the speed of light.
TOWER SURGE IMPEDANCE
The surge characteristics ,of transmission tower have been measured using 500kV Tenaga Nasiod Elerhad's tower (tower height 67m) as shown in 
For A Vertical Cylindrical Conductor
The theoretical value of the vertical cylinder impedance has been given in the literature [IO] Figure 3 shows the measurement conditions and the arrangement of measuring equipment. The tower under measurement is the 500kV steel tower with an overall height of 62.8m and a base width of 10.8m. The ground wires were insulated from no. 1 tower by insulators to avoid reflection at this position.
Measurement Conditions
since the span between no. 2 and no. 3 tower is short. All the phase conductors were directly connected lo no. 1 and no. 4 tower.to reduce the noise, which may affect the measurement.
A 50 ohm coaxial cable of 300m in length was used to inject current into no. 3 tower from a pulse generator (PG) on the ground as Seen in Figure 3 . The tower surge impedance is chosen at 115 ohms. The sheath of the cable was left open at the tower end, while it is connected to the earth at other end, where the configuration is equivalent to as to set the PG on the ground wire across the arm, as no external field exists before the traveling wave within the coaxial cable from the PG reaches the tower top no. 4. Thus current injection is similar to Kawai 171 and is classified a direct method (no other lines for measurement were installed).
The injected current was measured by the current shunt and the voltage across the current strings was measured by a 10K ohm resistive voltage divider.
These signals were converted into light signals and were transmitted to waveform recording devices on the ground through optical wave-guides. Bundle fibers were used for the optical wave-guides, which resulted in the change of sensitivity after the wave-guide was Therefore the sensitivity was calibrated before and after each measnrement by a calibrator incorporated in the optical signal transmission system and the accuracy was maintained within 2% of error. In a measurement without connecting ground wires to the tower, the voltage between an isolated ground wire and the cross arm was also measured. The frequency range of the measuring system was from DC up to 12 MHz, which The theoretical Surge was limited by the electro-optical signal converter. Figure 4 shows the resulted waveform when the current was injected at the top point of the tower.
Recorded Waveforms
In the case of steep front wave, a PG was sent out at a Z, = (377/2n) * In (2ldr) ( 
3)
Where: h = height of conductor above the ground (m) r = radius of conductor (m) neat rectangular waveform into a 50-ohm connecting cable. The resulted waveform, which was measured at the top point of the tower, was found to be deformed which can be seen in Figure 4 (a). Figure 4@ Injection line significantly affects the surge characteristics of the transmission tower. This fact is important in understanding the surge response of the tower.
